A series of 100 penetrating keratoplasties for keratoconus performed between 1968 and 1986 were reviewed for long-term results. The mean follow-up was 6-1 years with a range of f-16 years. The systemic associations and the postoperative complications were analysed. Grafting in cases associated with Down's syndrome had a higher incidence of complications. 93% of grafts remained clear and 81% achieved a final corrected visual acuity of 6/12 or better. 21% of eyes developed a homograft reaction, with 50% of rejection episodes occurring in the first year after operation. Factors associated with higher incidence of rejection included loose sutures, traumatic wound dehiscence, and grafts larger than 8-5 mm. Only three grafts with rejection episodes lost graft clarity, while rejection in the rest was successfully reversed with topical steroid therapy. No relationship was found between donor age and long-term graft clarity.
Keratoconus patients have one of the highest success rates of any group of patients undergoing penetrating keratoplasty. Since Castroveijo reported successful grafting for keratoconus in 1927, many reports have confirmed a favourable prognosis.14 Many of the published reports, however, had a limited follow-up time, and the life span of some corneal grafts has been questioned after specular microscopic studies that showed a continuous decline in the endothelial cell count after keratoplasty. 5 Although graft clarity can be expected in more than 90% of cases, postoperative complications in the form of high astigmatism, posterior subcapsular cataract, and secondary glaucoma can lead to a less than perfect visual outcome.
The aim of our study was to select a group of keratoconus patients previously unoperated upon and determine the long-term graft clarity, the relationship of the donor age to graft clarity, the incidence of operative and postoperative complications, including homograft rejection, and finally to determine the probability of graft survival in the group of patients who developed one or more rejection episodes during the followup period.
Materials and methods
The subjects of the present study were keratoconus patients who underwent penetrating keratoplasty over an 18-year period at the CorneoPlastic Unit, Queen Victoria Hospital. All the patients undergoing this procedure were included provided they had had no previous intraocular surgery and had a four-year minimum follow-up time. One hundred penetrating keratoplasties met these criteria. The There were 68 males and 32 females in our series (2:1 ratio).
2. Systemic and ocular associations. The various associations of keratoconus in our patients are listed in Table 2 ; manifestations of atopy were the most common. Keratoplasties were performed in four cases of Down's syndrome when advanced keratoconus had led to repeated attacks of acute hydrops.
3. Early and late complications. Herniation of the iris-lens diaphragm occurred during 10% of the keratoplasties (Fig 1) , but this was treated easily at the time with no effect on the final outcome. One patient had a 2 mm hyphaema following a peripheral iridectomy, which resolved spontaneously by the fourth postoperative day.
The paretic pupil, resulting from iris sphincter paralysis, occurred in 4% of the cases. In all of these cases a fixed dilated pupil was noted on the first postoperative day and it remained dilated over the follow-up period (Fig 2) . All these cases were given Pilocarpine 2% eyedrops in four doses one hour preoperatively with no mydriatics instilled postoperatively. None ofthese cases had a wound leak with flat anterior chamber, and 5 5 dioptres after this method which was treated with wedge resection, leading to successful visual rehabilitation with glasses.
Graft rejection. Homograft rejection occurred in 21% of our cases. Only one of these was an epithelial rejection, which developed seven months postoperatively.
The mean time to the endothelial rejection episodes was 1-8 years, range 17 days to 15 years (Fig 3) . Five of these cases had a second rejection episode during the follow-up. Thirteen of the rejection episodes (50%) occurred in the first 12 (n= 100) was 93% at 2500 days (6-8 years) (Fig  4) . Most failures occurred in the first 500 days ([-37 years). The survival curves in (Fig 5) compare the probability of survival between the group of patients wtih one or more rejections episodes (group A) and those with no history of rejection (group B). It is clearly shown that the probability of survival of group B was 96% at 1000 days (2-7 years), while that of group A was 86% at the same time. We examined the incidence of the graft rejection in relation to the donor size (Table 3) . Variation of the graft size between 7 mm and 8-5 mm had no statistically significant effect on the rejection rate. However, 9 mm grafts had a high rejection incidence (50%). All but three rejection episodes were successfully reversed with topical steroid therapy. The period between the onset of the rejection and the return of the graft varied from 17 days to 140 days, mean 47 days.
4. Long-term graft clarity. 96% of the grafts in our series were clear by the end of the first postoperative year, and 93% were still clear by the end of an average follow-up of 6-1 years. Only seven grafts failed in our series. The cause of failure are listed in Table 4 . In a subgroup of ten eyes with an average follow-up of 15 years, 90% of the grafts remained clear.
5. Donor age and graft clarity. Donor age was available for 93 of the 100 grafts (93%). The mean follow-up ofthese grafts was 8-1 years. The donor age ranged from 13 years to 91 years, mean 65-5 years. Donors were divided into three groups to detect any relationship between longterm graft clarity and donor age, and these groups were: donor age <45, 45-65, and >65 (Table 5 ). We could not find any statistically significant relationship between long-term graft clarity and donor age (p=0 38), which was consistent with previously published reports. 6 6. Long-term visual outcome. The final corrected visual results of the grafts in our series over an average follow-up of 6-1 years are listed in Table  6 . 81% of the eyes achieved visual acuity of 6/12 or better. Residual high astigmatism, decompensation of the graft, and steroid induced cataract were the major cause of decreased acuity. The causes of visual acuity of 6/60 or less are listed in Table 7 . The majority of these eyes were successfully regrafted and had a good visual result.
Discussion
Keratoconus is a non-inflammatory axial ectasia of the cornea with an estimated incidence of 1:20 000. It has a slowly progressive course resulting in high degrees of irregular, myopic astigmatism. Although some reports have shown the condition to be predominant in females,7 our series had a predominance of males (68%). This is in agreement with reports by Buxton8 and Woodward,9 who found males to be predominant with proportions of 62% and 60% of their cases respectively.
Various systemic and ocular associations have been found in our case (Table 2) . Association with atopy, eczema, and vernal conjunctivitis is important, since these patients may have more immunological problems than expected in nonvascularised corneae.°"I The most advanced cases ofkeratoconus seen in our series were those associated with Down's syndrome (four cases). The mental retardation of these patients always carries the risk of trauma or infection of an otherwise successful graft. Infective keratitis led to the failure of the initial graft in two of these four cases. The decision to operate on such patients should be based on individual assessment of each case, with particular consideration of the degree of visual impairment, the grade of mental retardation, and the presence or absence of adequate post operative home care and supervision.
The complications following penetrating keratoplasty for keratoconus are relatively few compared with those encountered in grafting high risk patients. The development of a dilated fixed pupil as a complication of grafting in keratoconus has been noted by a number of surgeons including Castroveijo and Paufique, but it was Urrets-Zavaliall who first published his observations and suggested that the association of fixed dilated pupil, iris atrophy, and secondary glaucoma constituted a specific syndrome which has since been frequently known by his name. In our series 4% of the cases had paretic pupils from the first postoperative day. However, only one developed secondary glaucoma, which confirms previously published reports by Davies and Ruben that glaucoma is not a sequel to the simple paretic pupil.' Glaucoma thus seems to be no more a special complication of keratoplasty in keratoconus than it is of keratoplasty for any other corneal lesion. The paretic pupil can be explained on the basis of ischaemic atrophy of the sphincter pupillae muscle secondary to an iris strangulation phenomenon occurring as a result of anterior displacement of the iris lens diaphragm against the posterior surface and cut edge of the host cornea during surgery. This theory was confirmed in our experience by the fact that, since preoperative intravenous mannitol 20% was used routinely for all grafts performed after 1976, there has been a significant decrease in the incidence of this complication. One case out of 68 grafts had a paretic pupil compared with three out of 32 grafts performed before 1976. Posterior subcapsular cataract developed in 12% of our patients. However, less than half of these cataracts (41-6%) required extraction. The relation between long-term topical steroid use and the development of cataract and secondary glaucoma was highlighted by the fact that the majority of eyes having these complications in our series were those that required intensive and more prolonged steroid therapy for the treatment of rejection episodes.
There have been variable reports on the incidence of homograft reaction following keratoplasty for keratoconus. Chandler and Kaufmann reported a high incidence of 35% in 1974.'4 A recent report by Trautman and Lambers" gave a lower incidence of 11 6%. Our long-term follow-up study showed the incidence to be 21%. The variations of rejection rate among different reports are most probably attributed to the changes in surgical techniques at various times, with the advent of the 10-0 nylon suture closure replacing the previously used virgin silk.
Most of the graft rejections in our study were successfully treated with topical and subconjunctival steroids, and only 3% of the eyes lost graft clarity as a result of endothelial rejection. It was interesting to find that 50% of rejection episodes occurred during the first twelve months post operatively -that is, before suture removal -and that nearly all the eyes that developed a rejection after the second year had a history of an earlier rejection that has been reversed. No significant correlation could be made between the graft size and the risk ofrejection when donor size was between 7-0 and 8 5 mm (Table 3) . It was interesting, however, to note that larger grafts, namely 9 0 mm, had a higher incidence of rejection reactions (50%). This is probably related to the greater proximity to the limbus and the larger antigenic load.
The long-term results in our series confirm the excellent prognosis found in several previous reports"'7 93% of our cases maintained graft clarity over an average follow-up period of 6-1 years. The excellent rate of graft clarity in the subgroup with a 15-year average follow-up (90%) indicates that the progressive endothelial cell loss reported with specular microscopy over the first year postoperatively5 does not forecast ultimate graft failure.
As indicated in Table 6 81% of penetrating keratoplasties provided 6/12 or better vision after 6 1 years average follow-up. 40% of the cases required spectacle correction to achieve this acuity compared with 26% requiring contact lenses and 15% needed no correction.
In summary, penetrating keratoplasty at the present time appears to be the procedure of choice in treating keratoconus, with excellent long-term visual results. The few postoperative complications can be minimised ifthe patient has been subject to careful follow-up and has been instructed to report immediately ifpain, redness, or visual loss develops. The incidence of iatrogenic cataract and secondary glaucoma can be reduced by avoiding the liberal use of topical steroids and by rapidly tapering them off in complicated cases. It is also better to avoid a graft size larger than 8-5 mm, as this carries a higher incidence of rejection reactions.
